Analyse des données accélérométriques de K-net et Kik-net : implications pour la prédiction du mouvement sismique - accélérogrammes et spectres de réponse - et la prise en compte des effets de site non-linéaire. by Pousse, Guillaume
Analyse des donne´es acce´le´rome´triques de K-net et
Kik-net : implications pour la pre´diction du mouvement
sismique - acce´le´rogrammes et spectres de re´ponse - et
la prise en compte des effets de site non-line´aire.
Guillaume Pousse
To cite this version:
Guillaume Pousse. Analyse des donne´es acce´le´rome´triques de K-net et Kik-net : implications
pour la pre´diction du mouvement sismique - acce´le´rogrammes et spectres de re´ponse - et la prise
en compte des effets de site non-line´aire.. Ge´ophysique [physics.geo-ph]. Universite´ Joseph-
Fourier - Grenoble I, 2005. Franc¸ais. <tel-00068748>
HAL Id: tel-00068748
https://tel.archives-ouvertes.fr/tel-00068748
Submitted on 13 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de























  b($	(ﬃq%ﬃqﬁ 	

(ﬂ ﬁ _ﬃq¡ﬃqﬂ
¢(<$$!£:: 0¤! b0:	: :$!ﬁ) 










































, -  













































































































































































































































































































































































































































































































































































































































	ﬀﬂﬁﬃ! "$#%ﬀﬂﬁ& 'ﬂﬁ( )$*,+-	.0/12ﬁ134567
8






























































































































































































































 ﬀﬁﬃﬂﬂ !"$#%ﬁ&'ﬁ)(*ﬁ) !+,+,-,(.&ﬀﬁ !+,/, !"$#%ﬁ01+324#%ﬁ 5




2X ,X 2 kcﬀ>!T%(')1#')7pWy:+1*ﬀ>!NIﬀdIﬀ>!
E
1*ﬁ%0:#ﬁﬂDI$D78$0Lﬀﬃ7pﬀﬃﬂC: XdXdXdXdXKXdXKXdXdXKXdX 
2X ,X , kcﬀ>!TG>-=$('3:#ﬁﬂ0!r%01#G>I0
E
:#L)ﬀ>!TIﬀJ7p)$0Lﬀﬃ7pﬀﬃﬂ=:TQ`1;: XdXdXdXdXdXKXdXKXdXdXKXdX 2
6 78ﬁ9ﬁ:ﬂ(*ﬁ) !ﬁ;<>=;@?A+$"BC#9*ﬁ&+,"D"ﬂEﬁ9&ﬀF !+,/, !"$#ﬃ01+324# G
,X 2 kcﬀ>!N:#1#ﬀ>7ﬁﬀﬃ7pﬀﬃﬂ=:#!NIﬀH:+ﬀﬃ1#1#ﬀd')$h')%?ﬂ¾XJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX 2 	
,X 2X 2 kcﬀ>!T¹>ﬂ0ﬀ>!rIﬀJ!#$?I$
E
:+ﬁ)ﬂ XKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX 2<6
,X 2X , kcﬀ>!TGﬃL)G>ﬂﬀﬃ7pﬀﬃﬂ=:#!
E
1#$!;:')$ XKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX 2
















,X ,/X , Gﬃﬁ!#78ﬀ>!
E
1#$!;:')$/<ﬀﬃ:r7'3,ﬂ:#$Iﬀﬃ!NG>ﬁﬀyLGﬃﬀ>!XKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX ,,






























0X , 1*GB')7$ﬁﬀd')$µiV('3%:#1#ﬀ 
@XdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 0

0 X ,/X 2 Gy:+V/I,ﬁﬀSIﬀJ5]')ﬂ(')FA/!#ﬀ XKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 0

































0X 0 /:+1*ﬂ,8,1#$0ﬂID7p):#ﬁﬂŁﬀﬃ-=$('3:+ﬂ!<XJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 
 4






X 0X , /:+')ﬁ:[A;IT:#VD):+Vﬀﬃ1T!*:'~:+ﬁ)ﬂ<I0ﬁ!*:#1#$0:+ﬂ! XdXdXdXdXdXKXdXKXdXdXKXdXJXKX 	

















































































G 78 ;<CD ﬁ)(*ﬁ) (*ﬀ #42%;<"ﬀﬁ)( #4+,(*2%  
	X 2 Tﬀ>7p')1#-=$ﬀﬃ!T!#$1TﬁﬀH!*%9ﬀ
E
:#1#ﬀdIﬀJ1#G>%?ﬂ!*ﬀ XKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX  2




$1+'3ﬂ=:#! XdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX  2






	X 0 kZ'L3')1#ﬁ')ﬁ:#GSI$<78$0Lﬀﬃ7pﬀﬃﬂC:pXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX 0
 .+$" ﬁ #4;@#4(*+,"; 2 ﬁ #4+  ;<ﬁ #%( ﬁ)(* D;@#%(+,"!+30 ﬁ #42%+,"ﬀ- -32%+$ﬀ"ﬀ&  !+<#%(+,"!#%(  D(*ﬁ"
#4+32 (ﬁ (" Cﬀ&ﬀ("- "ﬀ;#%ﬀ2%;< / ; 2 (; &D(*(#





60X , /Iﬀﬃ	Q`1#7$0'3:#ﬁﬂ XdXdXKXdXKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX 
60X ,X 2 NVﬀJ!#%?ﬀ
E
:+1#),1+')7 XdXKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX 2
60X ,X , µi78%$0:'~:+ﬁ)ﬂŁ)Qu:#VﬀH:+7pﬀ&V0ﬁ!*:#1*A8XdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX J,




ﬂﬀﬃ:TI('~:')('3!#ﬀ XdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX  	
60X 0 X 2 ·&'3:+'U%01#
E
ﬀ>!*!#ﬂ, XKXdXKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX 6
























60X 60X 2 Nﬁ78ﬀ&V!*:+)1#ﬁﬀﬃ!T')ﬂIl($1#ﬀ>1!*%9ﬀ
E
:#1+'_R78ﬀ>Iﬁ')ﬂŁL)'3ﬁ$ﬀﬃ!e XdXKXdXKXdXdXKXdX+2
60X 60X , Á&!#ﬀﬃ1*LﬀﬃI"')ﬂ0I
E
7p%0$0:+ﬀﬃI')ﬀB'3:#1*A8L3')1#ﬁ')ﬁ:[A XdXdXdXdXdXKXdXKXdXdXKXdX+2

























6Xﬀ µi7p%0ﬁG>78ﬀ>ﬂC:#! XdXdXdXKXdXKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 25,
60XﬀX 2 kcﬀ>!r')ﬂ('3A/!#ﬀﬃ!rI0ﬀdﬁ'(')!*ﬀKIﬀJI)ﬂﬂG>ﬀﬃ!S78ﬁ1*ﬁ1NXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 25,
60XﬀX , Tﬀ>7p')1#-=$ﬀﬃ!r!*$1T'%('31+')78Gﬃ:#1#ﬁ!#'3:+ﬂ4I$<78IWﬃﬁﬀpXdXdXdXKXdXKXdXdXKXdXJXKX 25,*2
5   ?ﬀ?D( ;@#%(+,"Dﬁ&ﬀB !+ &*!&%







4X 2)X 2 Y[ﬂC:+Gﬃ1

:rIﬀﬃ!S!*ﬁ7$0'3:#ﬁﬂ!ﬀ>ﬂ<%1#3Q`ﬂIﬀﬃ$1XdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 25,0
4X 2)X , TG>!#$0:'~:+! XdXKXdXKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 25,0











4X ,/X , TG>!#$0:'~:+!N0:#ﬀ>ﬂ=$!"XdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 25,









ﬀB*3:;ﬀ2*,ﬀﬂﬁ3 	?ﬀ-3:	 *:;ﬀﬂ*,ﬀ2!ﬁ 672ﬁ )
+<7






$7=ﬀ 	  
 
 +E; ﬁ #42%+$"-  !+<#%(+,"  + &ﬀ*ﬁ ?ﬀ2 &ﬀ(ﬁ # ﬁ #42%+,"ﬀ- ; -32 +,ﬀ"D&  !+<#%(+$"









ﬂﬀﬃ:r·|'3:')')!#ﬀ XKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 2 
 
X 0 J1*$ﬂI<7p3:+ﬁ)ﬂ47p/Iﬀﬃﬁ!¾XKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 2 
 ,
0X 0X 2 H1#$ﬂ0I<):+ﬂ</Iﬀ>Z\1#ﬀﬃI
E
:+ﬂ<°-=$('~:+ﬁ)ﬂ XdXdXdXKXdXKXdXdXKXdXJXKX 2 
 ,
0X 0X , Tﬀ>,1*ﬀ>!#!*ﬁﬂD1*ﬀ>!#$0:+!ŁXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 2 
J0













78%(')1*ﬁ!#)ﬂ XKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 2 	 

0X













0X 	/X , H1#$ﬂ0I<78):#ﬁﬂ47p'),ﬂ0:+$0IﬀH!
E
')ﬁﬂ,"XdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 2<60




















(  (*-,";@#%2% & *; 2 ﬂE?A+,"ﬀﬁ: "+,"" *("ﬂE;<(*2% &ﬁ'ﬁ:+,ﬁ 	 ?ﬀ2%ﬂ&D( #%(+$"ﬀﬁ & ﬁ:?A #42%ﬁ







0X ,X 2 JGﬃﬂG>1#'3:+ﬂŁIﬀﬃ!|'
EﬃE
GﬃﬁG>1*,1#')7p78ﬀ>!iﬀ>ﬂ<%1#)Q`)ﬂIﬀ>$01 XdXdXdXKXdXKXdXdXKXdX+254,








0X 0 X 2 Á&!#ﬀﬃ1*L3'3:+ﬂDI$<%VG>ﬂ07pWﬃﬂﬀJﬂﬂ

ﬁﬂGB')1#ﬀKXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX+2546
















































































04,6*2<0 X]° ﬂ 



































































































































































































































































































































































X 2 $0:+ﬀXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX 	6






ﬀJ)Q0U¢=7 ﬂ<9):#V< ')ﬂ0I"µ !#:#ﬀ>!ﬃXmlm)1NI¸9ﬀ>1*ﬀ>ﬂC:































ﬀ>ﬂ')1#_R·_R¢=7eiﬁﬀﬃ!#!N:+V('3ﬂ 0U¢=7<b(')ﬂI .?ﬀﬃ:KIﬀ>ﬀﬃﬂ 

































































































































































































































































































































































































































































































































































































































































U9V9WKb 0X ,bﬂ2|'3ﬂI 
d!i'3ﬂI8:#Vﬀr%1#ﬀﬃI
E
:+ﬀ>Ipﬂﬀ3b/$0!#ﬁﬂ0,d:#Vﬀ$>I ﬁ~ÍGË;ﬁﬃ =ﬁ~Í  ! 


















U9V9WKb 0X ,bﬂ2|'3ﬂI 
d!i'3ﬂI8:#Vﬀr%1#ﬀﬃI
E
:+ﬀ>Ipﬂﬀ3b/$0!#ﬁﬂ0,d:#Vﬀ$>I ﬁ~ÍGË;ﬁﬃ =ﬁ~Í  ! 







0X 6 0'37pﬀ')!^luﬁ,$1*ﬀ 0X
0b3$:^$!*ﬁﬂ,r:+Vﬀ !#Ì	&Ë;ﬁﬃ=ﬁ~Í$ ! I=ﬁ~Í ! #&%Ì=ﬁ~ÍH0:+')ﬁﬂﬀﬃI
ITF:+VŁ:+VﬀJ!*7')P7p'),ﬂF:+$I0ﬀ|L3')ﬁ$ﬀﬃ!T!#$!*ﬀﬃ:>X XKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX+2 
 






















0X µiﬂC:#ﬁﬂ=$ﬀ>I XdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKXdXKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX+2 	*2
0X 0'37pﬀ')!^luﬁ,$1*ﬀ 0Xﬀb3$:^$!*ﬁﬂ,r:+Vﬀ !#Ì	&Ë;ﬁﬃ=ﬁ~Í$ ! I=ﬁ~Í ! #&%Ì=ﬁ~ÍH0:+')ﬁﬂﬀﬃI
ITF:+VŁ:+VﬀJ!*7')P7p'),ﬂF:+$I0ﬀ|L3')ﬁ$ﬀﬃ!T!#$!*ﬀﬃ:>X XKXdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdX+2 	,













































































ﬀ)Q pﬂ  p$0!#ﬁﬂ0,S:+V0ﬀﬂﬂﬀﬃII('3:+'TQ`)1.U9V'W')ﬂ0I DW ﬁﬀgX
NVﬀa:*:+ﬀ>Iﬁﬁﬂ0ﬀKV('3!S:+V0ﬀﬀ>-=$('~:+ﬁ)ﬂ ¶ 	   
     
  _`Q`1T:+VﬀU=V'WHegX
NVﬀa:*:+ﬀ>II(')!#V0ﬀ>I.ﬁﬂﬀJV(')!r:+VﬀKﬀ>-=$('3:#ﬁﬂ@¶ 	   
      ¿_wQ`1T:+Vﬀ









































































































  b	L)ﬁ1d'Dljﬁ,)$1#ﬀ 0X 0 XZkZ'%1*%('),'3:+ﬂIﬀ>!
ﬂIﬀﬃ!SI('3ﬂ!TﬁﬀH!#) W	 
  ﬀﬃ!*:SﬁﬂGB')1#ﬀ3X8XdXdXKXdXKXdXdXdXdXdXKXdXKXdXdXKXdXJXKX 2544






















































































































































  c8D   













,X 2 H&$ﬀﬃﬁ-=$ﬀ>!N:#1#ﬀ>7ﬁﬀﬃ7pﬀﬃﬂ=:#!TIﬀH:+ﬀ>1*1#ﬀJﬁ78%?1*:+')ﬂC:+!ﬀHﬁﬂ,I0ﬀdﬁ'Q`!#!*ﬀKI0$h'3%9ﬂPX X 254
,X , H&$ﬀﬃﬁ-=$ﬀ>!N:#1#ﬀ>7ﬁﬀﬃ7pﬀﬃﬂ=:#!TIﬀH:+ﬀ>1*1#ﬀJﬁ78%?1*:+')ﬂC:+!ﬀHﬁﬂ,I0ﬀdﬁ'Q`!#!*ﬀKI0ﬀKS')ﬂ¢~')X"X 2





















































































V=:#7b_ 6e<VC:#:#% ¶ M MLIBIBIJX M*ﬁ!*VﬁﬂPX],0X M*%M37p')ﬂ
M
E




V=:#7b)_ ePV=:*:+%U¶ MBMLIBIBIJX6Q`ﬂ0ﬀﬃ:BX6?!+')X],)X M*%=M~Q`1*ﬀ>ﬀﬃ!#'-M~ﬀﬃLﬀﬃﬂC:
M~:#I7:1M, 2J,, 








































































































































































































A¾?ﬀ>V('BL/ﬁ1U'31#ﬀŁ,FLﬀ>ﬂ2Q`1  	    _R!*ﬀ>ﬀ





















































































































































































































































































































































































































































































F CICIFE<FGBI9<KQoSBIF%?m8:BC[KQF%EZHG_LFG=>ML?Z?tF%=8PRA<FS;C[K>M:9 E<F%=VF f`C[BI8:?UML=8YCIK>ML9¦EZFS;l?ZBIHSEZK>\GCIK>ML9Z;kEZA
NOMLAg_LFSNkFS9cC|Em8:9<;|A<9<Fe\SML9g¡mJLA<BI8YC[KQML9sEZF#;D\SHS9<8:BIKQMlE<F#;IHSKQ;INkFe8:i<;IFG9cC[FjE<A  DFSAsE<F#EZML9<9<HGFS;Sz}69
F ﬃtFGCuT´~8:KQBIF8:=QMLBI;KQ9cC[FSB_LFG9<K>BA<9h;IHGK>;INkFK>Nk?tM:BDC^8Y9RCF CeAZC[KQ=>K>;DFSBEZFkCIFS=>=QFS;BDFS=8C[K>M:9<;?<BIHGE<K>\ C[Kb_LFS;









































   	 
 














  	  





  	 ﬀﬁﬂ
ﬃ !ﬃ "
$0ﬂﬃ$# !ﬂﬃ ﬁ#" &,/$%# ﬁ#(,/&# /"ﬂ£$
'ﬁ+-ﬂ£$
6VA<9 EZFS;)i<AZCI;%EZFh=>8;IKQ;INkML=>MLJ:K>F%FS;DC%E0VFS;C[KQNOFGB,=>FNkMLAZ_:FSNkFS9cC%E<A ;DML=FG9 BDHS?UML9<;IFhd
AZ9;IHGK>;INkF:TFG9?m8:BC[K>\GA<=>KQFSB
FG9A<9FG9<E<BDMLKQC|BIFG?<BIHG;IFS9cC[8:9cCA<9KQ9cC[HSBDGCSz}´MLBD;IPRA0VA<9<F;C[BDA<\GCIA<BIFjFG;DC
;DMLA<NkK>;DFdA<9 NkMLAZ_:FSNkFS9cC,E<F;DML=EZ dA<9 ;IHGK>;INkF:T=>FG;lML9<EZFS;,HS=>8:;DCIK>PRA<FG; =8C[B[8u_:FSBI;DFS9cC%FGC









	jV ML9Z9<FS=Q= / |:FYT£v:wLwcvLy{z0´FS;;DHSKQ;INkFS;JLHG9<oSBDFS9cCeP`A<8:9cCed)FGAgfEZFS;NOM:AZ_LFGNOFG9RCI;E<A;IML=;IA<B
AZ9<Fs=>8:BIJ:F,Jc8:NkNOF EZF%~BDHSPRA<FS9Z\SFS;GT8Y=>=8Y9RCjE<A E<HG?<=8Y\SFSNkFS9cCk?UFSBINO8:9<FG9cCldPRA<FS=QPRA<FS;kE<K>S8:K>9ZFS;
EZFl\G`\G=>FS;?m8:Be;IFS\GML9<E<FYz7´FS;e_`K>i<BI8YC[KQML9<;E<A;DML=\GMLBIBDFS;D?tML9ZEm8:9cC@8:A`f~BDHSPRA<FG9<\SFG;@?m8:BDCIK>\GA<=>KQoSBIFG;






















;DHSKQ;INkF:zU =>;;DML9cC\S8:B[8:\ C[HGBIK>;DHS;?<8:BE<FG;8:Nk?<=>KbC[A<EZFS;K>Nk?tM:BDC^8Y9RCIFS;FGCE<FS;~BDHSPRA<FG9<\SFG;HS=>F _LHGFS;E<F
(
 ð














































































































































































































































































































































































































































































































































































































































































EZKﬃtHSBIFG9cC[;jE<A=>K>FGAE0V8:?<?Z=>K>\S8YC[KQML90z´ =~8:AZC#MLi<;DFSBD_:FSB@PRA<F =QFS;#BIFS=>8YC[KQML9<;e?<BIHGE<K>\ C[Kb_LFS;#E<F NkMLAZ_:F a
NkFS9cC#~MLBDCML9cCjC[MLAgC[FS;A<9¦\u8:BI8:\GCIoSBDF BIHGJLK>ML9<8:=FGC@KQ=FG;DC@KQ9<ML?<?UMLBC[A<9E}VF{fZ?Z=>MLKbC[FSBeA<9<F,BDFS=>8YC[KQML9
H C^8:iZ=>K>F8YAgf18:;D\u8:E<FG;#?UMLA<BCIK>BDFSBE<FG;#\GML9<;IHGPRA<FS9<\GFS;j;DA<B=V8:=>HS8 ;IKQ;INkK>PRA<F@F fgKQ;DC^8Y9RCeFG9¢mB[8:9Z\SF








vYwLwcŁgT`\^]<FSBDim8:A<N F C8Y=zbTmv:wLwLŁLy z
  
 ð






PGA = 0.451 . - 2






PGV = 0.01453 . - 1



















































































Spectre de Fourier ( . )






















































































































































































































î1ß   Ò2qàyå
"QÝ







































































+Û}å§ÓQ ﬃ2( S îﬃÛÚ

































































































































































































































( ë ï d Þ! Û7§å
á@}àá
m
}àáoÛ *¿Û7§ß Úyß Ò2}å
7}Þ!
æSqëqç h3sß¬Úyß?ïbÛQ'+Û î1ß  ©ïbÛQ'qÛ ﬃ2( ê îﬃÛÚ
		
m










}àáÛ ﬃ2( ë ï d Þ! Û7§å
á@}àá
m





tRÛ7oÛ}å§ÓQ ﬃ2( ç -.sÞ!sá"	8
m








    sÞ>
k^+ÜYì




}àáoÛ *¿Û7§ß Úyß Ò2}å
7}Þ!
)+' &('   KA. 














































































































ﬃ(VC -.sÞ!sá"	 kÛQQqÚyÛ ÓQìÛqá"Q
æë
,












































!  !  
!e$´/$ &,/ &,ﬁ")" 
	 	  	ﬁﬀﬂﬃ 
! ﬃ"! 



















































































































































































































yﬁt>9*46B57G^\1GF?H1 9*N6u wTyl\1GF?Hng9P}yﬁt*9*4OB5<G@BPC4O5<=*GB?~8:9*DFE*?8A?GIHlKM9*NWH~?G m*3>`{9*Ga3>574Cj{ﬁ3>GF4ﬁDBGB?






































"3 4"5$ &'6 )+-, &'( ?H"Q?C;<;7?C4h\1QC5]463XHJDBNO?CGIH!4O5^;TS 3>QQCP;<PCN63XHJ579*G@BD$469>;^@BP`a3>4O46?ﬃ.$)+7, &'( j




























yd5<u*\vGB?H 469*GIH@B5<4O`g9*4OPC?446DFN@BDqN69QiB?CN 9*D @B?44O57HJ?44OPC@B578A?G]HJ3>5<NO?C429aGB4j"?;¡3Ł








































	 ﬀﬁﬃﬂﬀ "!#$ﬂ% &'(ﬂﬀ()ﬁ*,+ 
2p?C4b?CGFN6?C=>5<4OH6N6?8A?G]H64f@F?C4l8:9*DFE>?C8:?CGIHJ4KM9*NWHJ4N6PC3>;<5746PC4`B3>Nbyﬁ\vGB?Hb4O9*GIHﬁ3>QQC?464657VB;<?4f4ODBNb;<?































jl? `B;<DB4n@a3>GB4Qia3>QDBGB? @F? QC?4RVB3>46?4@B?
¢ﬃ8
 ^j 2!Wk m>kﬁ d  2	df
Rﬁdd d






























	  ﬂﬀ ﬂ ﬂ	(%)(5 )( )
	 '('ﬁ








































































































,3g,	Q --N b;BN gQ$Q ,3-Q gQB. N-
M
L $%&('!)






























@BPQC;7?CGBQiBP?ﬁ?HﬃŁ ?FQ;<DBNO?fH69*DB4;<?C4?CGFN6?C=>5<4OH6N6?8A?G]H644O57HJDFPC4 3>D^\1@F?C;¡Ł^j^!G9BGﬂn: NJ3>=I3 HJ9
wZ>*X~]
4S 3M=oN63>GBQiB5eH @F?A;<3Q9*GBGa3X5<46463>GBQ?A@B?4 4WHi3XH65<9*GF4dGB9*G @BPCQ;<?CGFQiBPC?4$?H`BNO9*`g9>46?:DBGB?8APHJB9@B?@B?
NO?C=*NO?C4O465<9>GH6N69*GBc]DBP? 9P};7?d46?DB5<;p@B?@BPQC;7?CGBQiB?8A?GIHl@B?44OHi3 HJ5<9>GB4UTaDBQHJDB? 3>DQC9*DBNO4@BDH6?C8:`B4Cj
2p?@BP`g9*DF5<;<;7?C8:?CGIHA@B?C4Va3>4O?C4@B?@F9*GBGBP?C4N6?HJ?CG]DB?4`g9*DFNs;<?H6NJ3_EX3>5<;b@B?H6BC4O? KM9>DBN6GB5eH
;7?C44OHJ3XHJ574OH65<c]DB?C4L`FN6PC4O?CGIHJP?C4s@B3>GB4;¡33>VB;<?j |Fj23Hi3XVB;<?57GB@B5<c]DB?;7?GB9*8$VFN6?@ﬂS[PE*PGB?C8:?CGIH64
4O5<4O8A57cDF?C4d`BNOPC46?GIHJ4@B3>GB4Qia3>QDBGB?:@B?C4Va3>4O?C4@B?L@B9*GFGBPC?4 ?H `{9*DBNdQiB3>c]DB?A57GIHJ?CNWEX3>;<;7?@B?8A3 \
=>GB57H6DB@B?>n^N6?GB46?5<=*GB?4ODBN;<?ﬁGF9*8$VBNO?ﬁ@B?d46P5<4O8A?4QC9*NON6?C4O`g9>GB@a3>GIHJ4na;<?ﬁGF9*8$VBNO?d@ﬂSU?GBN6?=*5<4WHJNO?C8:?CGIHJ4






































2p?4@F?CD =*N63>`BB57c]DB?C446DF57EX3>GIHJ4@B? ;¡3Y5<=*DBNO? ^j[~ N6PE>C;7?CGIH`B3>N5<GIHJ?NOEX3>;7;<?@B? 8A3>=*GB5 \






























































`BN69>KM9>GB@B?CDFN 3 H6HJ?5<=*GF?CGIHHJN64KMNOPCc]DB?8A8:?CGIH @B?C4EX3>;<?DBN64@B?E57HJ?464O?fQ9*N6NO?C46`{9*GB@B3>GIHﬃŁ@B?C4N69QiB?4
@BDBN6?4Cna9|}@F?C4QC9*8:`{9*NOH6?C8:?CGIHJ44O5<=*GB5K9aQ_3 HJ57KM4@B?8:PCQ_3XGB5<c]DB?ﬁGF9*G;<5<GFP_3>57N6?l@F?C4469>;<4GB?d4O9*GIH`B;<DB4
`g9*4O4657VB;<?4Cnp5<;3X`B`a3>N63 "<HGBPC3>GB8:9*5<GF4c]DB?:;<?QN657H6CNO?A@B?:QC;<3>464O?C8:?CGIH @B?C4469*;74GB?A4ODH$`a3X4 `{9*DBN
¢
@FPCQCNO5<NO?QC?4!469*;74 3_E>?CQ^93>VF5<;<5eHJP3>D$@F?C;¡Łb@B?T{*b8 @F?`BNO9>KM9*GB@B?DBNCnX9|}$57;]t 3lDFGB?ﬃ=*N63>GB@B?E>3XN65¡3XVB5<;757HJP
@F?C4b`BN69.9B;<4@B?dE57H6?C464O?>j
	







bG ?$^?N6QC57QC?A@B?ANOPC=*NO?C4O465<9>G 46DFN ;7?C4















KM9>NOH`{9*DBN;7? & ( * ?H@ﬂSUPEX3>;<DB?Nﬃ;<?4@B5 =gPCNO?CGBQ?C4c]DB5ﬂ`{?CDFE>?CGIHl3>`B`a3>N63 "<H6N6?f?CGIHJNO?Q?C4@B?DVa3X46?C4
@F?@F9*GBGBP?C4Cj
?H





















Q;<?GBQiB?C8:?CGIHc]DB5IE>3XDFH$\$ﬃ^)+-, &'( ?H}c]DﬂS[5<;*4O?C8$VF;<?c]DﬂSU?;<;7?C4GﬂS[?CGBNO?C=*574OHJNO?CGIH`B;<DB4p@FC4?$5"%$ )+-,.&'(
`{9*DBN;<?4 8A3>=*GF57HJDF@B?C4 .
5"*n.







@F5¡3>=*N63>8:8A?$4ODB`{PCN657?CDBN@B?A;¡3 5<=>DBN6?A^j[~]jp1;!Kz3>D^H@B?:`B;7DB4 NO?C8A3>N6c]DB?N 4ODBN;¡3 5<=*DFN6?:^jU|Rc]DB?













 ^j 2!Wk m>kﬁ d  2	df
Rﬁdd d




























































































































































scenario  = 4.1
PGA Kik-net       
PGA K-net         
prediction Kik-net








































scenario  = 7.3
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       +2.25 Strong Motion Duration










logarithmic decay in time B
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PGA = 0.938 / 2
KNET  M60D030S1
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PGA = 1.09 / 2
KNET  M60D030S3
soil C
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PGA = 2.70 / 2
EURP  M55D012S2
PGA = 1.87 / 2
EURP  M55D012S2
















PGA = 1.05 / 2
EURP  M63D030S2




PGA = 3.13 / 2
JPAN  M55D012S2
PGA = 3.02 / 2
JPAN  M55D012S2
PGA = 1.66 / 2
JPAN  M55D012S2
PGA = 0.916 / 2
JPAN  M63D030S2
PGA = 1.31 / 2
JPAN  M63D030S2
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a      (weak dataset)
bx1000 (weak dataset)
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PGA at GL-100m   
Mw 5.0 (weak)
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Nice Event = 4.6
Berge-Thierry et al. (2003)
Pousse et al. (2005)       
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Nice Event = 4.6
Ambraseys et al. (1996)    
Sabetta-Pugliese (1996)    
Rock                       
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Modulus Reduction Curves for Sand


















GL-000m up to GL-006m 
GL-007m up to GL-015m 
GL-016m up to GL-036m 
GL-037m up to GL-075m 
GL-076m up to GL-150m 
GL-151m up to GL-300m 
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X  = 25km
station ABSH06
GL-100m           
nonlinear response
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